INTRODUCTION {#sec1-1}
============

*Dracocephalum moldavica* L is a *Labiatae* annual herb, which is used as a traditional Uygur medicine for centuries in the name of Baeiranjiboya. *D. moldavica* possesses important medicinal values against the following diseases: Bronchitis, hypertension, hepatitis, dizziness, biliary tract infections, and other diseases. The water extract of *D. moldavica* has found to possess an anti-ischemic effect in animal experiments, which significantly prolongs the survival time under hypoxia, acts against isoproterenol-induced increase in myocardial oxygen consumption, improves the hypoxia tolerance, acts against vasopressin-induced myocardial ischemia with acute ST-T changes, reduces heart rate, and prolongs PR interval.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\]

*D. moldavica* is mainly produced in several provinces of Northeast China, Northwest China, and North China; and Southeastern Xinjiang has abundant resources. *D. moldavica* has a long history as many classical books on Uygur medicines have reported its use. The herb is naturally warm and has aroma, which can exert its effects on brain nerves, cough, asthma, cardiac tissues, diuresis, blood circulation, and resuscitation etc., A portion of minority population in Xinjiang region uses this herb along side tea, and the civil society uses this as a Uygur medicine to treat coronary heart disease, cold nervous headache, colds, and bronchitis etc., It is also used to improve the quality of blood.

Chronic mountain sickness (CMS) is a medical condition in which the residents of high altitude are found to have increased hematocrit and excessive polycythemia. It is also called as "Monge\'s disease," after its first description by a Peruvian physician, Carlos Monge in 1925. Reduction of pathophysiological conditions such as hypoxemia and alveolar hypoventilation could act as the ultimate treatment goal for CMS.\[[@ref6]\] Pulmonary hypertension is frequently associated, which might lead to congestive heart failure. Hypoxemia due to alveolar hypoventilation may play a central role in the over-stimulation of erythropoiesis leading to increased red cell mass and blood viscosity, systemic and pulmonary hypertension.\[[@ref7]\] Till date, no reports are available on the use of *D. moldavica* against CMS, although the herb has shown efficient cardiac activities.\[[@ref8][@ref9]\] Thus, the present study was aimed to explore the effect of *D. moldavica* on rat CMS model.

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals and reagents {#sec2-1}
----------------------

The rat Interleukin-6 (IL-6) ELISA kit (batch number: 74350026) was purchased from eBioscience (San Diego, USA), and the rat C-reactive protein (CRP, batch number: 3400630) was purchased from Xi Tang Biotechnology Co. Ltd. (Shanghai, China). The key instruments used in the study included the following: Microplate reader, (model: 352; Labsystems Multiskan MS, Finland), washer (model: AC8; Thermo Labsystems, Finland), micro high-speed centrifuge (model: TG16W; Shanghai, China), and water-jacket incubator (model: GNP-9080; Shanghai, China). Individual kits for superoxide dismutase (SOD, total test, batch number: 20130410), malondialdehyde (MDA, batch number: 20130409), and glutathione - catalase (GSH-Px, batch number: 20130401) were purchased from Nanjing Jiancheng Bioengineering Institute, Nanjing, China.

Extracts of *D. moldavica* {#sec2-2}
--------------------------

For the purpose of this study, the following two extracts of *D. moldavica* were used: Water and alcohol. For the preparation of extract for *D. moldavica* alcohol group (DMLAG), 1000 g of *D. moldavica* 1000 g was added with 3000 ml of methanol, refluxed for 3 h, and filtered. The filtered extract was set aside in the refrigerator. For the preparation of extract for *D. moldavica* water group (DMLWG), 1000 g of *D. moldavica* 1000 g was added with 3000 ml of water, refluxed for 3 h, and filtered. The filtered extract was set aside in the refrigerator. 2 g/kg of DMLWG in 0.4 ml of administration, 2 g/kg of DMLAG in 0.4 ml of administration.

Animals and treatment groups {#sec2-3}
----------------------------

One hundred healthy Sprague Dawley rats (both sex, body weight: 160-200 g) were provided by the Laboratory Animal Center of Xinjiang Medical University, Urumqi, China (license number: SCXK (new) 2011-0004).

Of them, 80 rats were bred in hypobaric chamber which was in the northwest region of medical support peacetime and wartime special environment artificial (located in Urumqi General Hospital of Lanzhou Military Region). The conditions used for these rats included the following: Simulated altitude of 5000 meters, temperature of 18-26°C, humidity of 40-60%, pressure of 54.1 KPa (391.4 mmHg), and oxygen partial pressure of 10.84KPa (80.8 mmHg). The plateau environment after 30 days, these 80 rats wass further randomly divided into four groups (20 in each):

Chronic plateau model group (MG) which had no drug intervention with continued feeding for 15 days in a high altitude environmentPositive control (NE) group which received nifedipine 2.7 mg/kg with continued feeding for 15 days in a high altitude environmentDMLWG which received 0.4ml water extract of *D. moldavica* by a once daily gavage with continued feeding for 15 days in a high altitude environmentDMLAG which received 0.4ml alcohol extract of *D. moldavica* by a once daily gavage with continued feeding for 15 days in a high altitude environment.

The remaining 20 rats were used as control and were kept in the plains (CG). They were fed with standard diet and distilled water and kept in clean environment with a temperature of 18-26°C and altitude of 700 meters for 45 days. No drug intervention was given for the rats used in the plains. All rats were fed in consistent conditions, and the following were tested on a daily basis for 45 days: Behavior of rats, spontaneous activity, feeding, drinking, hair, feces, urine, eye, ear, nose, mouth (with or without secretions), and body weight.

Pathological examinations {#sec2-4}
-------------------------

Ketamine (100 mg/2 ml) + diazapam 1 (10 mg/2 ml) +1 atropine (0.5 mg/ml), evenly mixed then diluted and doubled to 10 ml, then the diluted liquids were intraperitoneally injected by 0.75 ml/100g. After anesthesia and decapitation, the heart was rapidly dissected out and washed immediately with saline and fixed in 10% buffered formalin. The rat heart paraffin block was prepared at 4μm with hematoxyline and eosin. The stained sections were examined under Olympus (Magnus MVX 10) China Ltd. Photomicroscope and photographed. To examine the pathological changes of different treatment groups.

Determination of inflammatory mediators {#sec2-5}
---------------------------------------

In accordance to the orbital venous sinus blood sample collection procedures,\[[@ref10][@ref11]\] the eyeball blood samples from rats were collected at room temperature, centrifuged at 3000 rpm for 20 min, and the supernatant was separated out. Per the manufacturers' instructions of various kits, the inflammatory mediators such as CRP, IL-6, MDA, SOD, and GSH-Px were determined.

Detection of pulmonary artery pressure {#sec2-6}
--------------------------------------

### Equipment and reagents {#sec3-1}

Northwest special environment artificial experiment module (Urumqi General Hospital of Lanzhou Military Region); BL-420 Biological and functional experimental system and pressure sensors: (Chengdu Taimeng Equipment company); Small animal ventilator (Chengdu Taimeng Equipment company); Rat Operating Table (Chengdu Taimeng Equipment company); operating astral lamp; Medical stainless steel needle (7, Inch 22G); several 15cm of Sterile polyethylene tube; rats trachea cannula; rats artery clamp; injectors (1mm); tissue scissors; ophthalmic scissors; ophthalmic forceps; hemostatic clamp; needle holder; operating knife blade; three limb tube.

### Reagents {#sec3-2}

Nonpyrogenic distilled water; physiological saline; Heparin (5 IU/ml).

Instrument description {#sec2-7}
----------------------

Northwest special environment artificial artificial experiment module: The research project was chaired by the Urumqi General Hospital of Lanzhou Military Region. The features of the cabin is in accordance with the design standards that in cabin accurately simulate the altitude of 600 to 10,000 m hypobaric hypoxia status, Ambient temperature +500 C to -500C. The cabin can achieve a single climate simulation and can also achieve complex climate simulation, for example: Achieve altitude environment of low-pressure, cold, strong ultraviolet radiation and high temperature and dry desert environment at the same time. The device is composed of two JEM and a transitional cabin. Including five systems: Cabin structural systems, environmental control system, gas pipeline control systems, automated control systems, TV monitoring system as well as contingency plans for five systems, the total volume of cabin is 117m3 and it can accommodate 20 people at a time. The device can new experimental platform for the study of human acclimatization mechanism and related diseases pathogenesis under the special meteorological environment of plateau, cold, hypoxia, desert and strong ultraviolet; promoting acclimatization and disease control measures as well as the human physiology and disease treatment in the Northwest special environment area.

### BL-420 Biological and functional experimental system and pressure sensors {#sec3-3}

This is an instrument of recording animal blood pressure. Transfer the Animals pressure change signal into electrical signal through pressure signal conversion device (pressure sensor), input it into the computer and amplify, display and record it.

### Calibration of the pressure sensor {#sec3-4}

Calibration of the sensor is an important step in the experiment. It includes nulling the amplifier and calibrating the pressure sensor. First, the zero calibration, if less than zero, you need fine tuning of the sensor; Second, the standard pressure (100 mmHg) calibration. After these two steps you can start the experiment.

### ECG measurements {#sec3-5}

Also use BL-420 Biological and functional experimental system. Use animals standard o connecting standard ECG to lead. The White electrode connects to right forelimb, the red electrode White electrode connected right forelimb, red electrode connects to left hind, and the black electrode connects to right hind. The working principle and pressure measurement are similar.

### Small animal ventilator {#sec3-6}

Its purpose is to prevent the animals' loss of spontaneous breathing cycle after thoracotomy. Use the Y-tube to connect the animal to the ventilator, breathing frequency is 60 times/min, tidal volume is 6 ml/kg, breathing ratio is 3:2.

### Assay method {#sec3-7}

Endotracheal intubation: Rats were fixed in supine position along the neck midline. The incision and blunt dissection of the subcutaneous skin was performed, and the trachea was exposed along with the parts of the sub-line inverted T incision. The endotracheal intubation was fixed, and the endotracheal tube was directly connected to the ventilator. The ventilator frequency was adjusted to 60 times/min, tidal volume was 6 ml/kg, and breathing ratio was 3:2.

Carotid artery intubation: Rats were fixed in supine position along the neck midline. The incision and blunt dissection of the subcutaneous skin was performed, and the carotid artery exposed, Fixed intubation. Then connect the pressure transducer to record the experimental data by input the pressure changes to biological signal logger.

Pulmonary artery pressure and right ventricular pressure measurement: Ventricular pressure and pulmonary artery pressure were measured using heparinized saline needle at the upper right corner of the right ventricle, and the position of the needle was seen by naked eye. Further end of the needle and catheter made using a pressure transducer was connected to the pressure variation of the biological signal recorder to record the experimental data.\[[@ref10][@ref11]\]

Statistical method {#sec2-8}
------------------

Values were expressed as mean ± standard deviation. One-way ANOVA was used for group comparison of means. LSD test was used for *post-hoc* comparisons of means. All statistical analyses were performed using SPSS for Windows (version 17.0; SPSS Inc. USA), and *P* \< 0.05 were regarded as statistically significant.

RESULTS {#sec1-3}
=======

Pathological examinations {#sec2-9}
-------------------------

In the Pathological examination of [figure 6](#F6){ref-type="fig"} the CG group \[[Figure 1](#F1){ref-type="fig"}\], both high- and low-power views showed normal tissue structure of heart without any pathological findings. The myocardial cells were stained clearly with dense nucleus and the myocardial fibers were neatly arranged in the same size. The MG group \[[Figure 2](#F2){ref-type="fig"}\] showed mild hyperemia of subepicardial blood vessels, congested myocardial interstitial blood vessels, and unclear transverse bands under low-power lens; while the high-power view showed partial myocardial swelling, granular degeneration of cytoplasm, eosinophilic cells degeneration of partial myocardial fibers, and occasional infiltration of inflammatory cells. The low-power view showed significant dilatation and congestion of myocardial interstitial blood vessels and unclear transverse bands in the NE group \[[Figure 3](#F3){ref-type="fig"}\], while the high power view showed mild cellular edema of myocardium and eosinophilic degeneration of small amount of myocardial cells. In the DMLAG group \[[Figure 4](#F4){ref-type="fig"}\], the low-power view showed nonsubepimyocardial hyperemia with significant congestion of interstitial blood vessels of myocardium, while the high-power view showed an evidence of cellular edema of myocardium and scattered eosinophilic degeneration. In the DMLWG group \[[Figure 5](#F5){ref-type="fig"}\], neither subepicardial hyperemia nor obvious dilatation or congestion of myocardial interstitial blood vessels was seen under the low-power lens, while the high-power view showed small amount of cellular edema of myocardium and occasional eosinophilic degeneration. DMLWG group compared to the model group had significantly improved cardiac pathology. DMLWG group of pathological conditions close to had normal DMLAG group compared to the model group and has some improvement in cardiac pathology.
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Treatment effects of *D. moldavica* on IL-6, CRP, MDA, SOD, and GSH-Px {#sec2-10}
----------------------------------------------------------------------

The treatment effects of *D. moldavica* on IL-6, CRP, MDA, SOD, and GSH-Px are shown in \[Figures [1](#F1){ref-type="fig"}-[5](#F5){ref-type="fig"}\]. The concentrations of SOD and GSH-Px were lower in the MG group than in the CG group. The concentrations of IL-6, CRP, and MDA were higher in the MG group than in the CG group. Animals in the DMLWG had significantly higher concentrations of SOD and GSH-Px (*P* \< 0.05) than the MG groups. Animals in the DMLWG had significantly lower concentrations of IL-6, CRP, and MDA (*P* \< 0.05) than the MG groups.

Treatment effects of *D. moldavica* on pulmonary artery pressure {#sec2-11}
----------------------------------------------------------------

The treatment effects of *D. moldavica* on pulmonary artery pressure are shown in \[[Table 1](#T1){ref-type="table"}\]. Compared with the CG group, MG group had significantly higher pulmonary artery pressure (*P* \< 0.05). Compared with the MG group, NE group, DMLWG, and DMLAG had significantly lower pulmonary artery pressure (*P* \< 0.05). The curative effect was better in DMLWG than that of DMLAG. Also, the reduction of pulmonary artery pressure was better in DMLWG.

###### 

Effects of DML treatment on pulmonary artery pressure (x±SD)

![](PM-10-477-g007)

DISCUSSION {#sec1-4}
==========

*Dracocephalum moldavica* L is widely used in traditional Uyghur medicine for the treatment of complex diseases such as CMS, anti-oxidation and anti-aging. Previous studies have indeed found an anti-oxidation effect of DML *in vitro* and vivo.\[[@ref1][@ref3][@ref5]\] DML also appears to have reduce pulmonary artery pressure and anti-oxidation effects, which may also play a role in its prevention of altitude sickness activity.

We studied several altitude sickness serum markers, including the following relationship. IL-6 is an inflammatory cytokine produced mainly by monocytes/macrophages with wide-induced inflammation and regulation of immune function. The complex network of cytokines promotes the occurrence of atherosclerosis and development.\[[@ref12]\] IL-6 is a crucial regulator of vascular injury and myocardial ischemia.\[[@ref13]\] It can induce acute phase proteins such as CRPs, promote thrombus formation, and enhance adhesion of self-cells and myocardial cells.\[[@ref14][@ref15]\] Increased myocardial cell damage may further induce the vascular endothelium and increase the generation of reactive oxygen species (ROS) clusters. Oxygen free radicals stimulate oxidative stress and endothelial dysfunction cause the increase in the generation of altitude sickness. Increase in IL-6 levels can be done by arachidonic acid metabolism. Increased production of oxygen free radicals could cause cell damage and free radical metabolic imbalance. In the present study, the antioxidant capacity decreased as SOD and GSH-Px activity decreased.\[[@ref16][@ref17][@ref18][@ref19][@ref20]\] MDA concentration increased due to the occurrence of oxidative stress.\[[@ref21][@ref22]\] Due to the damage to blood vessels and endothelial function, superoxide anion increased. In summary, IL-6, SOD, GSH-Px, MDA, and CRP participate and mediate the formation of CMS. The incidence of cardiovascular events plays an important role.\[[@ref23][@ref24][@ref25][@ref26][@ref27]\] The study results indicated that increase in IL-6, MDA, and CRP levels and decrease in SOD and GSH-Px levels were observed in rat serum in a high altitude environment. This shows that the high altitude hypoxia has the effect on rat\'s cytokines and inflammatory chemokines. DMLWG showed reduced levels of serum IL-6, MDA, and CRP levels, and elevated serum SOD and GSH-Px levels. Thus, the aqueous extract of D. moldavica improved systemic hypoxia in rats kept in the high altitude environment.

In simulated high-altitude environment, the rats in model group had significantly higher pulmonary artery pressure compared with the rats in the plains, confirming the fact that CMS involved simulated altitude sickness. After the administration of D. moldavica, the pulmonary artery pressure significantly reduced close to NE group. This shows that treatment efficacy of this Uygur medicine on altitude sickness. Nifedipine is the first generation calcium antagonists indicated for hypertension and angina. It is widely prescribed for CMS. Its common adverse effects are dizziness, headache, fever, flu, facing red, foot edema, and fluid retention etc., But it is precisely DML without these side effects.

Also, the herb extract showed a protective effect on the heart rats in DMLWG. The present study attempted to explore the basis for the research on clinical development of drugs for high altitude sickness and laid the foundation for further progress of Uygur medicines on the treatment of altitude sickness. Further preclinical and clinical studies with more sample size are recommended.
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